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Telomerase minimally requires an
RNA (TLC1) to provide a template
and a reverse transcriptase
(TERT, Est2p).
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Telomerase RNAs are evolving incredibly rapidly
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Long-term goals
16 strains with one
circular chromosome
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S. cerevisiae
1157 nts
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Test theories of linear
chromosome evolution
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Human
Yeast
S. cerevisiae has relatively
weak in vitro telomerase
activity

Study “extra-curricular”
roles of telomerase
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Study single telomere
dynamics
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Strain with all 16
chromosomes circularized
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H. sapiens
451 nts

Strain with all but one
circular chromosome

Overview of genetic engineering approach
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Pre-shortened telomeres
Decreased silencing of URA3
Decreased survival on 5-FOA
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DNA cassettes containing a
selectable marker (HIS3 or
LEU2) and half of the URA3
selectable marker will be
inserted into the left and right
arms of a chromosome.
Genetic recombination
between the URA3 regions will
create a circular chromosome
that reconstitutes the URA3
gene function, allowing for
selection of circularized
chromosomes.

Design of cassettes to circularize Ch. III
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Approach: use the telomere position effect (TPE)
to select for lengthened telomeres
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Lagging strand telomeres
are not fully replicated. In
most eukaryotes, the ribonucleoprotein
complex
telomerase extends the 3’
overhang to counteract
telomere shortening.
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(leading strand)

;<

$%
!!"###!!"###!!"###!!"###!!"###!!"###
8""9888""98
:%
$%

~~

Background
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Telomeres are repeated DNA sequences located at the
ends of linear eukaryotic chromosomes. While they act
as protective caps, they cannot be fully copied by the
DNA replication machinery. To overcome this end-replication problem, most eukaryotic organisms express the
ribonucleoprotein enzyme complex telomerase. I will
present preliminary results investigating basic, broad
questions of telomere and telomerase evolution in the
budding yeast, Saccharomyces cerevisiae. First, we
are genetically engineering strains with circularized
versions of each of the 16 chromosomes to assess the
viability and potential fitness effects on the organism.
Second, we are screening for gain-of-function mutations in telomerase RNA to gain further insights into
how this component contributes to enzyme function.

Circularizing linear chromosomes

Screening for gain-of-function mutations in
telomerase RNA
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Abstract

Faculty Recruitment Award from the Kentucky Biomedical
Research Infrastructure Network and INBRE
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Extended telomeres
Increased silencing of URA3
Increased survival on 5-FOA
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Preliminary Data: a known gain-of-function TLC1
allele shows >40-fold increase in growth
Yeast containing either WT TLC1,
Dtlc1, or a triple-Ku gain-of function allele were grown in strain
TCy43. Equal ODs of cells were
plated on both rich media and
counter-selective media containing 5-FOA. The proportion of cells
that were able to survive on media
containing 5-FOA is shown.

Loss
of
Function

WT
TLC1

Gain
of
Function

CTTCGCTATTGTCTTCAAGCATCGTGAATAGAGTTTTCGTTTT
AAGAGCTTGGTGAGCGCTAGGAGTCACTGCCAGGTATCGTTTG
AACACGGCATTAGTCAGGGAAGTCATAACACAGTCCTTTCCCG
CAATTTTCTTTTTCTATTACTCTTGGCCTCCTCTAGTACACTC
TATATTTTTTTATGCCTCGGTAATGATTTTCATTTTTTTTTTT
CCACCTAGCGGATGACTCTTTTTTTTTCTTAGCGATTGGCATT
ATCACATAATGAATTATACATTATATAAAGTAATGTGATTTCT
TCGAAGAATATACTAAAAAATGAGCAGGCAAGATAAACGAAGG
CAAAGATGACAGAGCAGAAAGCCCTAGTAAAGCGTATTACAAA
TGAAACCAAGATTCAGATTGCGATCTCTTTAAAGGGTGGTCCC
CTAGCGATAGAGCACTCGATCTTCCCAGAAAAAGAGGCAGAAG
CAGTAGCAGAACAGGCCACACAATCGCAAGTGATTAACGTCCA
CACAGGTATAGGGTTTCTGGACCATATGATACATGCTCTGGCC
AAGCATTCCGGCTGGTCGCTAATCGTTGAGTGCATTGGTGACT
TACACATAGACGACCATCACACCACTGAAGACTGCGGGATTGC
TCTCGGTCAAGCTTTTAAAGAGGCCCTAGGGGCCGTGCGTGGA
GTAAAAAGGTTTGGATCAGGATTTGCGCCTTTGGATGAGGCAC
TTTCCAGAGCGGTGGTAGATCTTTCGAACAGGCCGTACGCAGT
TGTCGAACTTGGTTTGCAAAGGGAGAAAGTAGGAGATCTCTCT
TGCGAGATGATCCCGCATTTTCTTGAAAGCTTTGCAGAGGCTA
GCAGAATTACCCTCCACGTTGATTGTCTGCGAGGCAAGAATGA
TCATCACCGTAGTGAGAGTGCGTTCAAGGCTCTTGCGGTTGCC
ATAAGAGAAGCCACCTCGCCCAATGGTACCAACGATGTTCCCT
CCACCAAAGGTGTTCTTATGTAGTGACACCGATTATTTAAAGC
TGCAGCATACGATATATATACATGTGTATATATGTATACCTAT
GAATGTCAGTAAGTATGTATACGAACAGTATGATACTGAAGAT
GACAAGGTAATGCATCATTCTATACGTGTCATTCTGAACGAGG
CGCGCTTTCCTTTTTTCTTTTTGCTTTTTCTTTTTTTTTCTCT
TGAACTCGATCAATTCATCTTTTTTTTTTTTGTTCTTTTTTTT
GATTCCGGTTTCTTTGAAATTTTTTTGATTCGGTAATCTCCGA
GCAGAAGGAAGAACGAAGGAAGGAGCACAGACTTAGATTGGTA
TATATACGCATATGTGGTGTTGAAGAAACATGAAATTGCCCAG
TATTCTTAACCCAACTGCACAGAACAAAAACCTGCAGGAAACG
AAGATAAATCATGTCGAAAGCTACATATAAGGAACGTGCTGCT
ACTCATCCTAGTCCTGTTGCTGCCAAGCTATTTAATATCATGC
ACGAAAAGCAAACAAACTTGTGTGCTTCATTGGATGTTCGTAC
CACCAAGGAATTACTGGAGTTAGTTGAAGCATTAGGTCCCAAA
ATTTGTTTACTAAAAACACATGTGGATATCTTGACTGATTTTT
CCATGGAGGGCACAGTTAAGCCGCTAAAGGCATTATCCGCCAA
GTACCAAAAAGGAAGCAATTTCATCTACAGGCTTGGAGG

GCTATTTAACGGCGTATGTGCAGTTCATAAATGCGTGTCCTAGTCCTGTTGCTGCCAAGCTATTTAATATCATGCACGAAAAG
CAAACAAACTTGTGTGCTTCATTGGATGTTCGTACCACCAAGGAATTACTGGAGTTAGTTGAAGCATTAGGTCCCAAAATTTG
TTTACTAAAAACACATGTGGATATCTTGACTGATTTTTCCATGGAGGGCACAGTTAAGCCGCTAAAGGCATTATCCGCCAAGT
ACAATTTTTTACTCTTCGAAGACAGAAAATTTGCTGACATTGGTAATACAGTCAAATTGCAGTACTCTGCGGGTGTATACAGA
ATAGCAGAATGGGCAGACATTACGAATGCACACGGTGTGGTGGGCCCAGGTATTGTTAGCGGTTTGAAGCAGGCGGCGGAAGA
AGTAACAAAGGAACCTAGAGGCCTTTTGATGTTAGCAGAATTGTCATGCAAGGGCTCCCTAGCTACTGGAGAATATACTAAGG
GTACTGTTGACATTGCGAAGAGCGACAAAGATTTTGTTATCGGCTTTATTGCTCAAAGAGACATGGGTGGAAGAGATGAAGGT
TACGATTGGTTGATTATGACACCCGGTGTGGGTTTAGATGACAAGGGAGACGCATTGGGTCAACAGTATAGAACCGTGGATGA
TGTGGTCTCTACAGGATCTGACATTATTATTGTTGGAAGAGGACTATTTGCAAAGGGAAGGGATGCTAAGGTAGAGGGTGAAC
GTTACAGAAAAGCAGGCTGGGAAGCATATTTGAGAAGATGCGGCCAGCAAAACTAAAAAACTGTATTATAAGTAAATGCATGT
ATACTAAACTCACAAATTAGAGCTTCAATTTAATTATATCAGTTATTACCCTAATATTATTGCCTTATTAAAAATGGAATCCC
AACAATTACATCAAAATCCACATTCTCTTCAAAATCAATTGTCCTGTACTTCCTTGTTCATGTGTGTTCAAAAACGTTATATT
TATAGGATAATTATACTCTATTTCTCAACAAGTAATTGGTTGTTTGGCCGAGCGGTCTAAGGCGCCTGATTCAAGAAATATCT
TGACCGCAGTTAACTGTGGGAATACTCAGGTATCGTAAGATGCAAGAGTTCGAATCTCTTAGCAACCATTATTTTTTTCCTCA
ACATAACGAGAACACACAGGGGCGCTATCGCACAGAATCAAATTCGATGACTGGAAATTTTTTGTTAATTTCAGAGGTCGCCT
GACGCATATACCTTTTTCAACTGAAAAATTGGGAGAAAAAGGAAAGGTGAGAGCGCCGGAACCGGCTTTTCATATAGAATAGA
GAAGCGTTCATGACTAAATGCTTGCATCACAATACTTGAAGTTGACAATATTATTTAAGGACCTATTGTTTTTTCCAATAGGT
GGTTAGCAATCGTCTTACTTTCTAACTTTTCTTACCTTTTACATTTCAGCAATATATATATATATATTTCAAGGATATACCAT
TCTAATGTCTGCCCCTAAGAAGATCGTCGTTTTGCCAGGTGACCACGTTGGTCAAGAAATCACAGCCGAAGCCATTAAGGTTC
TTAAAGCTATTTCTGATGTTCGTTCCAATGTCAAGTTCGATTTCGAAAATCATTTAATTGGTGGTGCTGCTATCGATGCTACA
GGTGTTCCACTTCCAGATGAGGCGCTGGAAGCCTCCAAGAAGGCTGATGCCGTTTTGTTAGGTGCTGTGGGTGGTCCTAAATG
GGGTACCGGTAGTGTTAGACCTGAACAAGGTTTACTAAAAATCCGTAAAGAACTTCAATTGTACGCCAACTTAAGACCATGTA
ACTTTGCATCCGACTCTCTTTTAGACTTATCTCCAATCAAGCCACAATTTGCTAAAGGTACTGACTTCGTTGTTGTCAGAGAA
TTAGTGGGAGGTATTTACTTTGGTAAGAGAAAGGAAGACGATGGTGATGGTGTCGCTTGGGATAGTGAACAATACACCGTTCC
AGAAGTGCAAAGAATCACAAGAATGGCCGCTTTCATGGCCCTACAACATGAGCCACCATTGCCTATTTGGTCCTTGGATAAAG
CTAATGTTTTGGCCTCTTCAAGATTATGGAGAAAAACTGTGGAGGAAACCATCAAGAACGAATTCCCTACATTGAAGGTTCAA
CATCAATTGATTGATTCTGCCGCCATGATCCTAGTTAAGAACCCAACCCACCTAAATGGTATTATAATCACCAGCAACATGTT
TGGTGATATCATCTCCGATGAAGCCTCCGTTATCCCAGGTTCCTTGGGTTTGTTGCCATCTGCGTCCTTGGCCTCTTTGCCAG
ACAAGAACACCGCATTTGGTTTGTACGAACCATGCCACGGTTCTGCTCCAGATTTGCCAAAGAATAAGGTCAACCCTATCGCC
ACTATCTTGTCTGCTGCAATGATGTTGAAATTGTCATTGAACTTGCCTGAAGAAGGTAAGGCCATTGAAGATGCAGTTAAAAA
GGTTTTGGATGCAGGTATCAGAACTGGTGATTTAGGTGGTTCCAACAGTACCACCGAAGTCGGTGATGCTGTCGCCGAAGAAG
TTAAGAAAATCCTTGCTTAAAAAGATTCTCTTTTTTTATGATATTTGTACATAAACTTTATAAATGAAATTCATAATAGAAAC
GACACGAAATTACAAAATGGAATATGTTCATAGGGTAGACGAAACTATATACGCAATCTACATACATTTATCAAGAAGGAGAA
AAAGGAGGATTCTGTATAGTACATCCGCGCACATTCTTCCTAGCGGAA

